In contrast to the predefined and static processes in most industries
INTRODUCTION
Projects in the construction industry are characterized by its complexity involving various specialists like investor, architects, construction engineers, surveyors, etc.. Different aims of the participating partners will inevitably lead to a conflict in the objectives.
At the beginning of a project only general boundary conditions and basic constraints are predetermined by e.g. the investor or designer. With the progress of the project, the necessary work teams, activities and schedules most often need to be assembled or even altered in an ad-hoc fashion to accomplish the project goals.
Given the evolutionary and iterative nature of design and construction projects, process information, specifying tasks, times, roles, data, and sequences, accumulate during the project, from a first schematic model to very detailed work schedules. In order to be able to work on the overall project plan at any time, it is inevitable to use distinct process models in parallel, representing the various processes in an adequate form and at an appropriate level of granularity. While the objectives of later processes are modelled more abstract, the characteristics of the processes in the near future must be precisely specified.
Graphically spoken the process information of a construction project looks like a wave. While information of activities to be conducted in the remote future of the project are very limited, information about nearby activities are very precise. That E-business and Virtual Enterprises 2 means that process information will be accumulated with the progress of the project. All actives to be conducted in the future are labeled as prospective processes. Conducted activates are named retrospective processes. These processes will comprise all information gathered during the performance of the project. The transition of the prospective and retrospective phase will be at present.
APROACH
In order to establish an overall model-framework representing the different design, construction and management processes that integrates specialized process models used for different domains of a construction project three different criteria have to be investigate. First of all the concept of virtual organizational (VO) has to be adopted to the particular boundary conditions of the construction industry. In addition a construction project should be structured into different layers to handle the different requirements of the individual roles of the partners in the VO. In a last step predefined process-pattern can be applied to the layers defined.
Virtual Organizations in the building industry
"A virtual Organization is an identifiable group of people or organizations that make substantially more use of Information and Communication Technologies than physical presence to interact, conduct business and operate together, in order to achieve their objectives" (7) . The aim of the Virtual Organization is to gather various competencies of different companies in order to enhance efficiency and productivity while decreasing overheads. Virtual Organization can be distinguished in different characteristics like duration, topology, participation, coordination, and visibility (4). According to this classification a construction project will be structured as shown in Table 1 .
Considering the specification of VOs a construction project has a star like architecture coordinated by for example the project manager and the architect respectively. He will be supported by domain specialist companies like construction engineers, earthquake engineers, etc. The domain manager who in turn is supported by various engineers will act as a representative of the company. Visibility:
Due to the dynamic construction design process it is almost inevitable to connect and disconnect companies over the project. Therefore, the main project information should be accessible to every partner. New members must be capable to easily gather all relevant information together with the status of the project and its boundary conditions. Over the entire project the phases of a virtual organization 1. partner search, 2. contract negotiation, 3. operation and 4. dissolution will continuously take place. While one partner is already leaving the project, an other partner is still negotiating with the project manager.
Layer Concept
A construction project is very complex. While the result, e.g. a bridge or office building, is fixed, the procedure to reach this goal is almost unpredictable. Only some milestones defined (for example the nine phases of the German HOAI i ) might be settled. Processes within theses phases are very dynamic dependent on the size and difficulty of the project.
To reduce the complexity of a project it should be separated into different hierarchical layers. Each of these layers should have its own paradigms for modeling and representing the desired information. While the top layer is giving an overview over the entire project in order to identify long term conflicts as well as to calculate and measure the performance of the project, the button layer schedules the processes
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in detail but with a limited coverage. Three layers of granularity with corresponding project roles can be identified as:
• strategic layer • tactical layer • operative layer With the development of these three layers it is possible to decompose the complex design and construction processes into different stages of granularity. Every introduced layer is described with its own description model, since different demands for the process modeling are asked for. These models have to be integrated into a homogeneous domain description of the entire design and construction processes. 
Strategic Layer
The strategic layer defines the boundary conditions of the project by outlining the project aims in a goal function. Goals and their relationships should be described in a formal and definite manner with performance indicators like time, cost, resource, etc. By dividing the goals in sub-goals in accordance with the project progress, milestones can be determined. The strategic layer will provide project information designated to the project manager. With this layer the project progress can be controlled and major conflicts with the project aims will be prevented.
Tactical Layer
By introducing the tactical layer a complex construction project can be divided into homogeneous, closed phases (milestones). These phases will gather a certain amount of activities (control cycles) required to reach the goals of the strategic layer. Within the tactical layer domain specific activities will be defined by characterising the input and the output information as well as the responsible actor for the activities. The sequence of the activities will be defined by specifying the successor and predecessor. Even activity cycles are possible in the tactical layer.
The project manager together with the domain manager will manage the tactical layer.
Operative Layer
While the activities defined in the tactical layer specifying the output data needed to fulfil the requirements of a milestone, the operative layer schedules the tasks needed to fulfil the activities according to the boundary conditions of the strategic layer (e.g. time, cost, quality). Within the operational layer resource can be planned and the critical path can be calculated.
The domain manager together with engineer will manage the operational layer. 
Process Pattern
Setting up a new project requires a lot of work and experience of the project manager. He has to establish the organizational as well as the process structure of the project. The better he knows the activities needed to fulfill the design and construction goals the less problems and conflicts will emerge during the operational phase of the project. Since he can not predetermine every single activity needed for the project in advance, especially for activities in the remote future, predefined processes might be of invaluable help. A Process Pattern Library can be used for setting up the process management guidelines for new project organisations. With this architecture an evolutionary process model can be designed by instantiating the appropriated model on the fly from a database of process reference models.
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Figure 3: Process Pattern Library
Process Pattern shall not cover the entire construction process with every single task that has to be performed, it furthermore should cover certain (domain specific) issues. While the sequence of the project phases can be modeled in a more general manner, defining the output data and the performing domain specialists, certain activities, like the construction analysis of a bridge pole, can be modeled in every detail. That means according to the boundary condition of the project time schedules and resources will be determined.
Integration
In the previous three chapters the concept of virtual organizations in the construction industry, a layer concept for construction projects and the use of process patterns has been discussed. Combining these theories will lead to a architecture that helps to support and enhance construction processes in multiple ways:
• by providing process pattern which can dynamically being instantiated during the operation of the project • by separating the project into three different layers reflecting different types of granularity • by providing different views no the project dependent on the role in the organisation of the project. Considering the prospective processes of a project, the strategic scope will be advanced at the best.. Therefore, the strategic layer will need a more abstract model of the activities of the project constituting the performance indicators of the project. This layer will set the boundary conditions of the project managed by the project manager. Derived from the information of the static layer the tactical layer will specify the project phases. In cooperation with the domain manager the project manager can instantiate a process pattern from the process pattern library.
Derived from the information of the tactical layer the operational layer will specify the activities. In cooperation with the engineers the domain manager can instantiate a process pattern from the process pattern library.
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ID_A12 NAME ID_12 NAME ID_13 With this architecture an evolutionary process model can be designed by instantiating the appropriated model on the fly from a database of process reference models. Which in turn will make the processes much more reliable compared to processes developed by the project manager without the help of predefined processes.
Time
Another advantage of this architecture is that information can be adapted to that role of the actor. That means that an engineer is by far more interested in the tasks and activities related to his own task, while the project manager mostly don't want to have a look on every little detail of the project. He is much more interested in the overall progress of the project. Whether the milestones will be reached in time and whether conflicts might influence the project goals.
Last but not least this architecture will help to advance the information wave by the use of the process patterns. By analysing the project information of the retrospective processes new pattern can be derived. Therefore, the patterns are more reliable and have a deeper prospective of the future than a project manager might be able to. 
PROCESS PATTERN
In practice the during the design and construction process developed process models remain unused after the e nd of a project. Hence, the ideas and possible reengineering thoughts are often lost or forgotten, and thus not further utilized effectively (6) . Therefore, collecting the information gathered during the project might be helpful for future projects.
For the information collection the retrospective section of the information wave ,introduced in chapter one, can be applied. For that purpose the prospective processes have to be transformed and stored into a process orientated Organizational Memory Information System (OIMS). An OIMS excels by three phases:
• knowledge acquisition,
• knowledge preparation, and • knowledge application By analysing completed processes they can be stored in a database and users may extract different views from them. This Process Pattern Library can be used for setting up the process management guidelines for new project organisations.
CONCLUSION
The design and construction processes in the building industry are extremely dynamic. Therefore, common principles must be established t hroughout the construction industry, that allow for flexibly combining engineering and construction services. New members must be able to join and leave the project consortium on demand. The need to rapidly establish new organisational structures and effectively manage these virtual organisations places high demands on the methods used for modelling the processes. Consequentially, there is a need for an overall model-framework representing the different design, construction and management processes that integrates specialized process models used for different domains.
Due to this situation the information for remote processes are very limited while closer processes can be modelled in detail. This can be illustrated in an information wave. By introducing a three layer architecture divided into the strategic, tactical and operational layer the processes can be structured according to their relevance to the project goals. Corresponding to the process layers three different roles have been ii identified: project manager, domain manager and engineer. Each role will need individual views on the project processes. Therefore, each layer will need its own information model.
The concept Virtual Organization can be applied to building construction teams very easily. In most cases the consortium will be represented in a star like structure with the project manager in the middle surrounded by diverse domain manager and sub-contractor respectively. While the project manager will not changed during the project the domain manager can easily being plugged and unplugged.
By taking advantage of predefined process patterns, conflicts and changes in the design goals can be integrated in the overall workflow more easily. These process patterns will be derived from completed operations and stored in a Process Pattern Library. Process information will be collected during the run of a project. The E-business and Virtual Enterprises 8 process database will store various types of process patterns, which represent activities in different granularity.
